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ABSTRACT 


A solid-state image sensing device including a plurality of 
photo cells provided on a substrate and a plurality of micro 
condenser members each provided on a coiresponding photo 
celi The interval at which the micro condenser membexs are 
arranged at a central portion of the substrate differs from the 
interval at which the micro condenser members are arranged 
at a peripheral pcHtion. Further, a center of the micro 
condenser member and a center of the photo cell may 
coincide with each other at the central portion of the 
substrate and may shift from each other at the peripheral 
portion thereof. Also, a power of the micro condenser 
members arranged at file central portion of the substrate may 
differ from a power of the micro condenser members 
arranged at the peripheral portion thereof. Additionally, the 
image sensing device may be included in an image taking 
system with a photo-taking lens which is not telecentric, 
wherein the solid-state image sensing device receives an 
object image formed by the photo-taking lens. 

9 Claims, 4 Drawing Sheets 
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SOLID-STATE IMAGE SENSING DEVICE sensing surface, which is substantiaUy perpendicular 

AND PHOTO-TAKING SYSTEM UTILIZING thereto. ConsequcnUy, the entire field is subjected to a 

CONDENSER TYPE MICRO-LENSES uniform optical effect, and a uniform image can thus be 

. ^Tj-r^^^,^^ ^ obtained on the entire field. 

BACKGROUND OF THE INVENTION < r * ^ ^ ^ 

^ m recent years, the chxp size of the solid-state image 

1. Field of the Invention sensing device has been reduced, thereby increasing 
The present iavention relates to a solid-state image sens- demands for a reduction in the size of the photo-taking lens. 

ing device, and more panicularly, to a solid-state image Furthermcffe, in a rear focusing type zoom lens, the exit 

sensing device, such as an area sensor or a line sensor, in P^P^ thereof may shift toward the solid-state image sensing 

which a coodenser-type micro lens is provided on the device side when the zoom lens is focused in a certain state, 

light-incident side of each of a plurality of photo cells As the size of the photo-taking lens is reduced, the exit 

(light-receiving portions) arranged at a predetamined pitch pupil thereof, i.e., the virtual image of an aperture-stop as 

in such a manner that the miao lens faces the corresponding viewed from the focal plane side, generally shifts closer, 

photo cell. The present invention also relates to a photo- making off-axial principal rays RA slantingly incident on the 

taking system which employs such a solid-state image peripheiy of the imaging surface with respect to the optical 

sensing device, axis, as shown in FIG. 4. 

2. Description of the Related Art Consequently, Hght rays RL, directed from a photo-taldng 
Solid-state image sensing devices employing solid-state ^ens 31 toward die periphery of the image sensing surface, 

image sensors, such as an area sensor or a line sensor, are 20 incident on the micro lenses (25a; 2Sb, 25c, 254 . 

known in the art. These image sensors having a plurality of • • positioned in such a manner that they face the corre- 

condenser-type micro lenses are arranged at a predetermined sponding periodically arranged photo cells (22a; 22b, . , . ), 

pitch on the light-incident side of a plurality of photo cells lender different conditions. That is, the light condensing state 

(light-receiving portions) airanged at a predetermined pitch of each micro lens may differ in individual micro lenses . For 

in such a manner that each of the micro lenses faces the 25 example, most of the light may not enter the photo cells at 

corresponding photo cell in order to inqjrove the light the peripheral pcartion of the image sensing surface, RA 

detection efSciency thereof. indicates off-axial principal rays. 

The manufacture of the micro lens has been described in, As a result, the intensity of light received by the photo 

for example, EDM (JEEB) 83, page 497-499, cells provided on the peripheral portion of the screen may 

When a convex lens is disposed on the photo cell, the 30 decrease with respect to the intensity of light received by the 

intensityof light incident on the photo cell is determined not photo cells provided on the central portion, generating 

by the aperture of the photo cell, but by the aperture of the so-called luminous shading. 

convex lens. A reduction in the size of the photo-taktng lens also 

Thus, even when the area of the photo cell that is serving generates problems in that the image obtained by a video 

as a pixel formed on a chip decreases as a consequence of 3^ camera may deteriorate to such an extent diat it cannot be 

a reduction in the size of the chip and of an increase in the 'Jscd in an actual operation, and in that when auto focusing 

number of pixels, and hence the intensity of light received ts performed using a video signal, the object located on the 

by each of the photo cells decreases, a reduction in the periphery of the sacen may not be focused, 
detection sensitivity can be prevented. 

FIG. 3 is an enlarged view of a conventional color SUMMARY OF THE INVENTION 

soUd-state imaging device of the above-described type. An object of the present invention is to provide a solid- 

In the figure, a plurality of photo cells Gight-rcociving state image sensing device, which assures excellent image 

portions) (22a, 22b, 22c, 22d), each of which is a photo quality. 

diode, and a pluraUty of transfer portions (23a. 23b, 23c, Another object of the present invention is to provide a 
23d), for transfetrmg the electric charges generated and soUd-state image sensing devicepwfii^'rMows no shading to^ 
stored m the corresponding photo oeUs, are provided on the Q)c-gencratedrcvcn when a photo-taking lens is in a non- 
surface of a semiconductor substrate 21. One-chip color telecentric state, and a 0ioto-tafcing system which employs 
filters 24R, 24G, 24B . . . , made of gelatin or casein and such a solid-state image sensing device 

^^tJthHf^^^^. ^^"n ^/.r/^;^.^ ^^.^ 50 Another object of the present invention is to provide a 

hght-madent side of the pho 0 ceUs (22^ 22fo 22^ 224 . solid-state image sensing device in which a plSaUty of 

. ), and a plurahty of nucro lenses (25^ 25*, 25c, 254 . . photo cells are^arranged on the surface of a subs^^at a 

. ) are formed on the light-incident side of the color filters. &,cd interval and in which a pluraUty of micro condense? 

In the above-descnbed arrangement, the Ught detection members are ananged in stich':i^iHnCTlhlMhey^ 

effiaency with which light is detected by the photo cell is 55 coir^nding7photcrceUs7atrdiffCTent:intery 

moreased on whether the micro condenser Is located at a central 

The micro lens used in a conventional solid-state image portion or a peripheral portion of the substrate, 

sensing device has an optimum refractive power anda shape Another object of the present invention is to provide a 

such that It can condense light from infinity on the photo soUd-state image sensing devicejiwherdn-thezlnteryal-at 

ceU, Therefore, a photo-taldng lens (objective lens) with «, wludt^micro-condcnsciw^^ 

such a solid-state image sensing device provided on an centratportiOT-of-thc^bstiatc-is-rDadeisharterithan the 

image surface thereof, as a photoelectric conversion means, intovalionjhc p^h55^ 

IS a so-caUed telecentric optical system whose exit pupil is at^wlu^„the,micro condcns^Sicinbcrs arc:a^ 

located at mflmty. only^inA^lo ngmanal-dire ctionHjfra^ a 

In a telecentric optical system, on-axial and off-axial 65 rectangular^fiapel 

principal rays are incident on both the micro lenses provided ^^^^^^TC'-achievc^ the above-described objects, the present 

at the central portion and the peripheral portion of an image invention provides a solid-sUte image sensing device in 
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which a plurality of photo cells are provided on a substrate differs firom a power of the micro condenser members that 

and a plurality of loicro condenser members are provided are arranged at the peripheral portion of the substrate, 

each on the corresponding photo cell. In the present According to yet another aspect, the present invention 

invention, the interval at which the miao condenser mem- relates to an image taking system including a solid-state 

bers are arranged at a central portion of the substrate differs 5 image sensing device, the image taking system conoiMising 

from the interval at which the micro condenser members are a photographic lens having a non-telecentric arrangement 

arranged at a peripheral portion. and a solid-state image sensing device for receiving an 

The present invention further provides a solid-state image image of an object, wherein the image is fanned by the 

sensing device in which a plurality of photo cells are photographic lens. The solid-state image sensing device 

provided on a substrate and a plurali^ of micro condenser conqnises a substrate having a central and a peripheral 

members are each provided on the corresponding photo cell, portion and having a plurality of photocells, and a plurality 

and which is characterized in that a center of the micro of micro condenser members each provided on a corre- 

condenser member and a center of the photo ccU coincide spending one of the plurality of photocells, v^crein a first 

with each other at a central portion of the substrate and shift interval, at which the micro condenser members are 

from each otho" at a peripheral portion thereof. 15 arranged at the peripheral portion of the substrate, is shorter 

The present invention further provides a solid-state image ^ second interval, at which the micro condenser mem- 
sensing device in which a plurality of photo cells are ^ arranged at the central portion of the substrate, 
provided on a substrate and a plurality of micro condenser Other objects and advantages of the invention will 
members are each provided on the corresponding photo ceU^ become apparent during the following discussion of embodi- 
and which is characterized in that a power of the micro ments with reference to the accompanying drawings, 
condenser members that are arranged at a central portion of 

the substrate differs from a power of the micro condenser DESCRIPTION OF THE DRAWINGS 

members arranged at a peripheral portion of the substrate. fig. 1 is a plan view of an embodiment of the present 

The present invention further provides an image taking ^ invention; 

system which comprises a photo-taking lens, which is not nO. 2 is a partial cross-sectional view of the embodiment 

telecentric, and a solid-state image sensing device for receiv- of the present invention; 

ing an object image formed by the photo-taking lens. The 3 g partial enlarged view of a conventional 

solid-state image sensing device includes a pluraHty of solid-state imaging device; and 

photo cells provided on a substrate and a pluraUty of micro ^ ^ ^^^^^ ^^^^ ^^^^^ 

condenser members each provided on the corresponding portion of a screen 

photo cell. The interval at which the micro condenser 

members are arranged at a peripheral portion of the substrate DETAILED DESCRIPTION OF THE 

is shorter than interval at which the micro condenser mem- PREFERRED EMBODIMENTS 

bers are arranged at a central portion, ^. . ^ , 

^ ^, ... 35 FIG. 1 is a view of an embodiment of a solid-state image 

According to one aspect, the present invention relates to . V • 1^ ^uiuuuuuum ui a auuuauuc uimgc 

^ ^ . • J ' c -.1. 1. ^ . sensmg device according to the present mventton as seen 

a sohd-state miage sensing device for use with a substrate f ^ ^.^ 

having cental and perif*eral portions and havmg a plurahty ^ ^ cross^ectional view of the 

of photocells The solid-state unage sensHig device com- ^^y^ ^ j„ ^^^^ ^ ^ ^ j 

pnses a plurahty of miao condenser members each pro- An ^ . ^ . . 

vided on a corresponding one of the plurality of photocells, ^ ^g^^^: f rectangular substrate 1 has a central 

wherein a first interval, at which the pluraUty of micro area l^d a penpheral area m 


condenser members are ananged at the central portion of the ^Photo cells (li^treceiving portions) 2 (2a, 2i>, . . . ), 

substrate, differs from a second interval, at which the micro which may be a CCD or photo diodes, are arranged on the 

condenser raembeirs are arranged at the peripheral portion of .5 surface of the substrate 1 at an interval PH in the longitu- / 

the substrate. ^dinal (horizontal) direction Ic and at an interval PV in the^ 

According to another aspect, the present invention relates lateral^ (vertiad) <iirection M In FIGS. 1 and 2 the li^-/ 

to a soUd-state image sensing device for use with substrate /rece^vrng surface of each cftfie photo ceUs j^s^ggngatcd m 


having a central and peripheral portions and having a y^^ ^atadX durecbon Id 

plurality of photocells. The solid-state image sensing device 50^ — Ia-EIG.-^l,-only 'the-photo cells 2 that are located at the 
comprises a plurality of micro condenser members each central area la of the entire surface of the substrate 1 and 

provided on a corresponding one of the plurality of - those photo cells 2 that are located on part of an area, which 
photocells, wherein a center of each of the photocells that is indudes the peripheral area lb, are shown to simply the 
located at the central portion of the substrate coincides with illustration. 

respect to a center of the micro condenser provided thereon, 55 Micro lenses 3 (3a, 36, . . . ) are provided on the surface 
and wherein the center of each of ttie photocells that is of the substrate 1 and have a one-to-one correspondence 
located at the peripheral portion of the substrate shifts with witii the photo cells 2 (2a, 2fc, . . . ). The micro lenses 3 may 
respect to the center of the micro condenser provided have a convex svnface. 

thereon. HG. 1 shows the micro lenses 3 in the same manner as 

In still another aspect, the present invention relates to a 60 that of the photo cells 2. That is, only the micxo lenses 3 that 
solid-state image sensing device for use with a substrate are located on the central area la of the substrate and those 
having central and peripheral portions and having a plurality that are located on part of one area, which^includes-the^ 
of the photocells. The solid-state image sensing device peripheral portion,-are-shown in-FIG. L/The intervals at 
comprises a plurality of micro condenser members each which the micro lenses 3 are arranged differ between the= 

provided on a corresponding one of the plurality of 65 central jrea la j nd^th^pgriph^ral Mea 1^ of theju^^ 
photocells, wherein a power of the micro condenser mem- ^Ih-thisI^mbodimentTthe-nuCT^ 
bers that are arranged at the central portion of the substrate ^nem^feexenti al area Idi of the s urface of t^ ^ 
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at-thesameint^valMCin bofh^the loi^tudiaal dirccdon-lc^ 
and the later al dire ction Id The micro lenses 3 that arc 
arranged'on'the periph^ area 12> are at an interval MH in 
the longitudinal direction Ic and at an interval MV in the 
lateral direction Id At that time, MC^MV and MOMH. In 2 
addition, the int^al MH in the longinidinal direction Ic ^ 
viaiies continuously or stepwise between the central area l a 
an d the t>«ipiicra l area li of the substrate i. He in^f*TVflrg 


PH and PV of the photo cells 2 and the intervals MH and MV 
of the micro lenses 3 have a relationshq> expressed by: 


MH<PH 


MV^PV 


15 


20 


30 


35 


HG. 2 shows the optical path obtained when the solid- 
state image sensing device according to the present inven- 
tion is provided on the image surface of a photo-taking lens. 
In this figure^ a photo-taking lens 4 may be a rear-focusing 
type zoom lens. The photo-taking lens 4 has an aperture 5 
and an exit pupil 5'. 

In the solid-state image sensing device shown in FIG. 2, 
the miCTO lenses So, 3b, , . . 3ra+l are arranged on the 
peiipheiy of the screen at intervals shorter than the interval 
at which the micro lenses are disposed on the center of the 
screen in order to in:qirove the micro lens function of 25 
condensing the Ught to the photo cell. Consequently, the 
intensity of light at which light rays RP, which are incident 
on the cento- of the screen (near the optical axis), enter the 
photo cell 2a is made substantially equal to the intensity of 
light at which light rays RL, which are incident on the 
peripheral portion of the im^c field, enter the photo cell 2n. 

Thus, even when a non-tclecentric photo-taking lens Is 
employed, since the intensity of light that is incident on the 
photo cell located on the peripheral portion of the image 
field is substantially equal to the intensity of light that is 
incident on the photo ceU located at the central portion of the 
screen, a uniform and excellent wide signal can be obtained 
over the entire image field in the present invention. 

When the light-receiving surface of each of the photo 
cells 2 is elongated in the lateral direction, less luminous 40 
shading is generated in the lateral direction. Therefore, the 
interval MY of the miao lenses 3, in the lateral direction, 
may be made the same as the interval PV of the photo cells 
2 and_may_be made Jhe^same_oyCT tiie^entire image field, 
/The micro lenses may also be arranged in a mQann^whcrc~45 
the intervals at whicii the micro lenses 3 are arranged are^ 
^either changed or not changed. In this embodiment, the? 
rshape of the micro lenses 3 may be changed, e.g., the^ 
'-^curvature and hence the power of the micro lenses 3 may Ise 
increased sequentially^ or, stepwise, Joward -the „peri0ieiy_of 
tfac^E[een._J/ ^ 

In the previous embodiments, a single spherical lens is 
provided for each of the photo cells. However, a cylindrical 
lens, having a curvature only in the longitudinal direction of 
the substrate may also be en^loyed. 

Furthermore, the present embodiment of the invention 
assures the same effect even if thc intervals^t^hiSFSe 
:micro lenses are arranged are the san:ie over the entire 
^surface of the substrate while the intervals at which Ae 
photo cells are arranged at the peripheral portion of the 
I substrate are longer than the intervals at which the photo 

^ceUs are arranged at ttie central portion. — ^ 

'-Furthcnnare;the present invention assures the same effect 
even if a plurality of fine optical elements, which do not have 
a convex shape, but instead have a flat plate-like shape, and 65 
whose inner refi-activc index changes radially and continu- 
ously and which have the function of converging the light 


rays incident thereto, arc arranged in a transparent flat plate 
at„thc 5amc.interval.as_any_of_thc_afor^^ 

As will be understood from the foregoing dtsSpfionof 7 
the present invention, since the intervals at which the{^ 
plurality of photo cells are arranged and the intwals at / 
which the plurality of micro lenses are ananged are set' 
adequately, even ^ a non-telecentric photo-taking lens is; 
used, it is possible to obtain a uniform intensity of light overi. 
the entire screen and hence a good-quality image having no ' 

j^^luminous^shading. ^ '~~ ~~ ^ 

While the present invention has been described with 
respect to what is presently considered to be the preferred 
embodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments. To the contrary, the 
invention is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope 
of the appended claims. The scope of the following claims 
is to be accorded the broadest inteipretation so as to encom- 
pass aU such modifications and equivalent structurcs and 
functions. 

What is claimed is: 

1. A solid-state image sensing device for use with a 
substrate having central and peripheral portions and having 
a plurality of photocells, said solid-state image sensing 
device comprising: 

a plurality of micro condenser lenses each provided on a 
corresponding one of said plurality of photocells, 
wherein a power of said micro condenser lenses 
arranged at the central portion of said substrate differs 
from a power of said micro condenser lenses arranged 
at tiie peripheral portion of said substrate. 

2. A solid-state image sensing device according to claim 

1, wherein the power of said micro condenser lenses is 
stronger at the peripheral portion of said substrate than at the 
central portion of said substrate. 

3. A solid-state image sensing device according to claim 

2, wherein each of said plurality of micro condenser lenses 
has a convex surface and wherein a curvature of said micro 
condenser lenses increases as the position of said micro 
condenser lenses approaches the peripheral portion of said 
substrate. 

4. An image taking apparatus conq^dsing: 
an imaging optical system for forming an image of an 

object, in which the image side is not telecentric; and 
an image sensor for receiving the image of tiie object, said 
image sensor comjKising a plurality of photocells and 
a plurality of micro condenser lenses each provided on 
a corresponding one of said plurality of jAotooells, 
wherein a first interval of the photocells arranged at a 
peripheral portion of said image sensor, is different 
from a second interval of the photocells arranged at a 
central portion of said image sensor, an interval of said 
micro condenser lenses arranged at said peripheral 
portion of said image sensor being the same as an 
interval of said micro condenser lenses arranged at the 
central portion of said image sensor. 

5. An image talcing apparatus according to daim 4, 
wherein the first interval is larger than the second interval 

6. An image taking apparatus comprising: 
an imaging optical system for forming an image of an 

object, in which the image side is not telecentric; and 
an image sensor for receiving the image of the object, said 
image sensor comprising a plurality of photocells and 
a plurality of micro condenser lenses each provided on 
a corresponding one of said plurality of photocells, 
wherein a first re&acting power of the micro condenser 
lenses arranged at a peri^^eral portion of said image 


50 
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sensor, is different from a second refracting power of 
the nuCTO condenser lenses arranged at a central portion 
of said image sensor. 

7. An image taking apparatas according to claim 6, 
wherein the first refracting power is stronger than the second 
refracting power. 

8. A solid-state image sensing device coa5>rising: 

an image sensor having a plurality of photocells; and 
a plurality of micro condenser lenses each provided on a 
corresponding one of said plurality of photocells, a first 
interval of the photocells arranged at the peripheral 


12,203 

8 

portion of said image sensor b^ng different from a 
second interval of the photocells arranged at a central 
portion of said image sensor, an interval of said miao 
condenser lenses arranged at said peripheral portion of 
5 said image sensor being the same as an interval of said 
micro condenser lenses arranged at the central portion 
of said image sensor. 
9. A device according to daim 8, wherein the frrst interval 
is greater than the second interval. 

10 

***** 
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